Nail-patella syndrome (NPS), also known as hereditary onycho-osteodystrophy (HOOD) is a rare inherited autosomal dominant disease with involvement of the LMX1 gene. We report a case of NPS with atypical involvement of the lip, palate, and lung and discuss the possible genetic associations between NPS, recurrent pneumothoraces, and cleft lip/palate.
INtRODUCtION
Nail-patella syndrome (NPS), also known as hereditary onycho-osteodystrophy (HOOD), is a rare autosomal dominant hereditary disorder. It's incidence is approximately 1 in 50,000. It is due to mutation of the LMX1B gene located at the long arm of chromosome 9q34 1 . The LMX1B gene is a transcription factor of the LIM-homeodomain type which is essential for the normal dorsoventral patterning of the limb 1, 2 . The gene also regulates collagen type 4 (α3/α4) expression, which is required for morphogenesis of glomerular basement membrane 3 . The phenotypic expression of the disease varies between individual due to variable penetrance, hence there is inter-and intrafamilial variability. Classically, patients present with the tetrad of musculoskeletal and dermatological features of dysplastic finger or toenails, elbow dysplasia, hypoplastic or absent patellae and iliac horns. A more severe manifestation involving the kidneys is not unusual among these patients 4 .
CASE REPORt
A 19-year-old Chinese male serving national service, presented to the outpatient clinic with deformity of the elbows, arm length discrepancy, and 'abnormal knee structure' since childhood. He was functionally impaired and had difficulty participating in physical and sporting activities during his national service, including pushups, pull-ups, and running. He also complained of pain while climbing up and down stairs. Due to these limitations, he was exempted from the yearly physical fitness test. He had no history of haematuria, lower limb swelling, or shortness of breath.
During his childhood, he suffered from congenital left cleft lip and palate which were repaired at three and nine months of age, respectively. He also had recurrent episodes of otitis media during his childhood, which were complicated by a perforated left tympanic membrane at the age of four. Following puberty, he had a normal growth spurt except for the abnormal development of his knees and elbows. At the age of 17, he was hospitalised twice for left and right pneumothoraces within a span of one year. He required pleurodesis for the left pneumothorax.
He has a strong family history of congenital dislocation of elbows, abnormal nails and knee structure in his paternal kindred. His maternal family was not affected. He has a brother, five uncles, and two aunts. Among the affected are his younger brother, father, an aunt, and four uncles ( Fig. 1 ). All of those affected had dislocation of bilateral elbows, dystrophic fingernails and toenails and knee abnormality of differing severity. One of his uncles had end stage renal disease requiring dialysis.
On examination, he was afebrile, pulse rate was 90 beats per minute, and blood pressure was 120/64 mmHg. He appeared well generally. He had a height of 167cm with an arm span of 162cm. Examination of his oral cavity showed a previous bone graft on his hard palate and no evidence of a high-arched palate. He had no hearing impairment. Peripheral examination revealed dystrophic toenails and fingernails worse on the thumbs, sparing the middle fingers bilaterally (Fig. 2) . He had fixed flexion deformities of bilateral elbows worse on the left (Fig. 3 ). Examination of his knees revealed small patella bilaterally with absence of effusions. There were no features of generalised hypermobility. Respiratory system examination showed a smallhealed scar on the left thoracic wall with reduced breath sounds on the left base.
Laboratory tests showed normal full blood count and renal function. Urinalysis showed pH 6.5 with Based on the above clinical history, physical and radiological findings, the diagnosis of NPS was made. This subject has classical features of NPS involving the musculoskeletal system sparing his kidneys. He was managed conservatively for this condition. 
DISCUSSION
NPS is characterised by a clinical tetrad which affects the nails, knees, elbows, and iliacs. The nails can be absent, hypoplastic, or dystrophic. These abnormalities which present at birth are present in 80-90% of patients and are often bilateral and symmetrical in distribution. The thumbnails are more severely affected as compared to other fingers, and nail abnormalities decrease in severity toward the little finger. Dysplasia of the toenails is less frequent 5 . Diminished skin creases over the distal interphalangeal joints of affected fingers are common. Patella involvement is not uncommon, often appearing hypoplastic or absent. At times, the patella may be displaced or dislocated, causing painful, unstable, and limited extension of the knees. Abnormality of the elbows may be asymmetric presenting with radial head and lateral epicondyle hypoplasia, causing subluxation of the radial head. Pathognomonic radiological features of iliac horns are present in 30-70% of patients, occasionally detected on clinical examination 6 .
Extra-skeletal manifestations involving the kidneys affects up to 40% of individuals, whereby 3-15% progress to end stage renal disease needing dialysis 4, 5, 7, 8 . Often, patients present with proteinuria with or without haematuria and may remain asymptomatic. Other manifestations in NPS include primary open-angle glaucoma and ocular hypertension, cloverleaf pigmentation of the iris (Lester's sign), attention-deficit hyperactivity disorder, sensory neuropathy, sensorineural hearing loss, irritable bowel syndrome and chronic constipation 5 .
This patient had no obvious overlapping features of secondary collagen vascular disease such as Ehlers-Danlos syndrome or Marfan's syndrome. This case illustrated the classical features of NPS involving the musculosketetal system sparing his kidneys. However, this patient also has an atypical manifestation of childhood cleft lip and palate which was subsequently repaired. The association of NPS and cleft lip and palate is extremely rare. There was only one case of cleft lip and palate among four NPS patients reported by Richieri-Costa in 1991 9 . Most congenital abnormalities such as cleft lip/palate are results of genetic and environmental interaction. There are multiple genes identified as an association with nonsyndromic cleft lip and palate 10, 11 .
Genetic studies were not performed in our patient as the diagnosis of NPS was established based on the clinical and radiological manifestations. We discuss the gene-gene interactions known to be related to cleft lip/palate, which may explain the unusual association of NPS with cleft lip/palate and recurrent pneumothoces. The 2-homeobox containing genes implicated in both development of limb buds and craniofacial structures are MSX and LIM homeobox genes 12 . The MSX-1gene has been reported as a strong candidate gene in orofacial clefts and dental anomalies 13 . MSX genes encode a family of homeoproteins that function as transcription repressors through protein-protein interactions. It is found in thyrotrope-derived thyroid stimulating hormone cells and is also expressed in highly differentiated pituitary cells and exclusively during embryogenesis. MSX-1 interacts with LHX2 (LIM type homeoprotein) through the homeodomain containing regions of both proteins. In murine studies, MSX-1 and LHX2 are co-expressed throughout the limb mesenchyme. As there are no evidence of direct interaction of MSX-1 and LMX-1 gene (LIM type homeoprotein), we postulate that with genetic defects of the MSX-1 gene, functional interactions between other LIM type homeoproteins such as LMX-1 may be affected, hence causing craniofacial defects and dysfunctional development of limbs seen in NPS.
The second gene, tumour growth factor (TGF)β3, was also identified as a strong candidate for clefting in humans based on a mouse model 14 . TGF-β3 null mutant mice display cleft palate, retarded lung development, and neonatal lethality 15, 16 . Therefore, abnormal signaling of TGF-β could have resulted in abnormal development of the lungs. Whether or not it predisposes patients to pneumothorax has not been studied or reported in any cases of NPS. Hence, this is the first case to have been reported of a NPS patient with pneumothoraces.
CONCLUSION
This is an unusual case of NPS with an association with cleft lip/palate and recurrent pneumothoraces, which highlight its atypical presentation as a result of possible related genetic mutations. It also serves as a platform to understand and diagnose patients with presentation of abnormal nails and skeletal development. Future studies such as genetic therapy may have a role in reducing skeletal morbidity and perhaps reduce the risk of renal impairment.
